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(54) Abstract Title ... , ' ... ...... .-a,^-..:. . 

Atonuclayer deposition method 

(57) In a method of forming a thin film using an atomic layer deposition (ALD) method. «'^,;^f„;";«f^ 
on a subsmite S a cycle of Injecting a flret reactant including an atom that forms the th.n film and a ligand nto 
a reartionSamberThat includes the substrate, purging the first reactant. injecting a second reactantmto the 
r/^Sn chambeTand purging the second reactant. The thin film is formed by a chemical reaction between 
t^l^Sm iaTforiis the Z fi?m and a second reactant whose binding energy with respect to the atomthat 
2^ tJi^lSnSs Iarre^^^^^^ the binding energy of the ligand with respect ^ the «om »hat forms 
S^^ndthV ineriion of by-products is prevented. The generation of a hydroxide by-product in the thin film 
fsTuwrisX Sng a m^erial that does not include a hydroxide as the second P^^J^^J^^^,^^ 
s^Sd rea-Sant. and ?eacting the second reactant with a third reactant that includes hydroxide. After purgms 
f^sicoS reartant the third reactant for removing impurities and improving the stoichiometry of the thin 
film?s?nS:[S aXurged By doing so, it is possible to obtain a thin film, which does not include .mpunt.es 

A ^««« ^^irf^iometrvis excellent The dangling bond of the surface of the substrate is terminated by 
rni^ro«dS^grb^efo.^T^^^^^ When the first reactant is AI(CH3)3 the --nd raartant 

fe o^NA When the first reactant is a metal, the second reactant is Np.Oj.Oa. or COj. and the third 
reactant is an oxidising gas. 
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MEnlODOFFOI»»NGTHINFILM«S»,GATOM.ClAVERBEPOSITI«>N 

METHOD 

^ Am^nttnilND iNVRNTION 
1 Field of tiielnvendon 

method. 

-? Description offte Related Art 



composeaoiwuuu- , ..^^n The leaction chamber is puiged of 



2A. 



A second reactant B, water vapor consisting of oxygen bi and a hydrogen radical b2> is 
injected into a reaction chamber containing the substrate S into which the first reactant A is 
chemisorbed (step S). By doing so, the second reactant B is chemisoibed into the first 
reactant A as shown in FIG* 2B. 

The hydrogen radical b2 of the chemisorbed second reactant B moves to the methyl 
ligand 02 of the first reactant A and the methyl ligand is separated fix>m the first reactant A as 
shown in FIG. 2C. As shown in the chemical formula 1 and FIG. 2D, the hydrogen radical b2 
of the second reactant B reacts with the methyl ligand a2 of the separated first leactant A and 
forms a volatile vs^r phase material Dfonned of CH4. An aluminum oxide film C is 
formed on the substrate S by the reaction between aluminum ai of the first reactant A and 

2Al(CHsh^3H20^Ai20s^6CH4 

..hydirogen bi of the second reactant B. . . .'.^.^:r/\ 

The volatile vapor phase material D formed of CH4 and the un-readed vapor are 
removed by purging the reaction chamber of the volatile vapor phase material D formed of 
CH4 and the vapor by injecting inert gas (step 7). It is diecked whether die aluminum oxide 
film is formed to an appropriate tfaidcness (step 9) and flie steps 1 through 7 are cyclically 
repeated if necessary. 

In a conventional ALD method, smce die methyl ligand a2 is removed by the 
movement of the hydrogen radical b2, sub-reaction occurs producing an OH radical that 
remains according to the movement of the hydrogen radical b2, as described in the chemical 

Al(CHsh'^3H20'^ Al(OH)^^3CH4 

formula 2. 

When the sub-reaction occurs, undesired impurities such as A1(0H)3 are included in 
the alummum oxide fihn C. When impurities such as A1(0H)3 are included, it is not possible 
to obtain desired thin film characteristics. In particular, when an al umini um oxide film 
including A1(0H)3 is used as a dielectric fihn of a semiconductor device, the ahiminum oxide 
fihn including A1(0H)3 operates as a tiap site for electrons or a current leakage site, thus 
deterior^ng the characteristics of the dielectric film. 
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the stoichiometry of the metal oxide fihn can be mjected into the reaction chamber and the 
reaction chamber can be purged with inert gas. 

It is preferable that the first reactant is a metal reactant, that the se^ 
does not contam a hydroxide is N2O, O2, Q3, or CO2, and that the third reactant is oxidizing 
gas. The temperature of the reaction chamber is preferably mamtamed to be between 100 and 
400**C from the step of injecting the first reactant to the step of injecting the third reactant 
The dangling bond of the surface of the substrate can be terminated by injecting oxidizing gas 
before injectmg the first reactant, vlien the substrate is a silicon substrate. 

In a method of forming a thin film usmg an AU) method according to 
embodiment, any first reactant v^ch is only physisoifoed into the substrate is removed by 
chemisoibing the first rieactant into the substrate and purging the reaction chamber wifli inert 
gas. A thin film in units of atomic hym is formed by injecting a second reactant into the 
reaction diamber and chemically exchanging the first reactant to finiher contribute to the 
formation of the second reactant. A third reactant for removing impurities and improving the 
stoichiometry of the thin film is injected into the reaction chamber in which the thin fihn is 
formed after removing any physisorbed second reactant by purging the reaction chamb^ with 
inert gas. 

It is preferable that the first reactant is a metal reactant and that the second and 
reactants are oxidizmg gases. It is preferable that the first reactant is a metal reactant and that 
the second and third reactahts are nitridmg gases. The dangling bond of tiie surface of die 
substrate can be terminated by injecting oxidizing gas or nitriding gas before injecting the 
first reactant, when the substrate is a silicon substrate. The temperature of the reaction 
chamber is maintamed to be between 1 00 and 400°C fit)m the step of mjectmg the first 
reactant to the step of injecting the third reactant 

According to the method of forming the atomic layer thin fihn of the present mvention, it is 
possible to prevent or suppress the formation of an undesired by-product such ais hydroxide, 
to thus obtain a high purity diin fihn. 
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diawngs in which: . 
no. 1 isaflowchartoftheprocessoffoimmgandununumoxidefUmu^^ 

conventional atoinic layer deposition (ALD) method; ^ . 

HGS. 2A through 2D mustrate the reaction mechanism during the formation of fte 

aluminum oxide fflm of FIG. I ; . .n w.. 

naSschematicanymustralcsanapparatusforfoiming^^^^^ 

an ALD method accoiding toAe present invention; 

HGS 4Athrough4Dmustratethereactionmedi^ 
fflmusinganALDmethodaccordingtoafestenAodimentofti^pres^ 

HG. 5 is a flowchart of the process of formh^ an alumhium oxide fihn 

the first embodiment of tiie present inveition; 

HGS. 6A through 6DiUustrate the reactionmechanismwhenlhealummum oxide 

filmisfbrmedusingtiieALDmethodofnaS; ^ 
HGS 7and8aregraphsshowingresidualgasanalysis(RGA)datavAenthe 

aluminumoxidefamisforn^dbytheconventional technology andthefe^ 

the present invention, lespectivdjr. ^. ^. 

HG 9isagraphshowingthetiucknessoftiie aluminum oxide fihnacco^^^ 

number of cydesvvhenti^alumimimoxidefilmisfimnedby die ^^^^^^ 

andtiiefirstembodimentofthepresentuiveHfiom 

HG lOisagraphshovnngstresshysteredsacoorduigtothetemperBm^ 

aluminumoxidefihnsfonnedbytheconventionaltechnol^ 

"^nrrLgraphshowingapercentageofcon^ 
post-amiealingconditionsofaluminumoxidefihnsform^ 

and die first embodiment of die present invention; 

FIGS liandlSaregraphsshov^ngabsorptionconstantsandindicesofrefta^^ 

alummumoxidefilmsforrhedbytheconventionaltechnolo^ 

present invention according to wavetengfli; 



S 



no. 14 is a graph showing wet etch rates of aluminum oxide films foimed 1^ the 
conventional technology and the first embodunent of tiie present invention aocoiding to post- 
annealing temperature and the atmoq)heiie gas; 

FIG. 15 is a sectional view showing the structure of a capacitor of a semiconductor 
device, for which a dielectric fihn formed by the first embodiment of the present invention is 
used; 

FIG. 16 is a sectional view showing the structure of a transistor of a semiconductor 
device, for which a dielectric fihn foimed by the first embodiment of the present invention is 
used; 

HG. 17 is a gr^h iiiustrating the lealfflge^currepUharacteiistics of a 
capacitor and a SIS capacitor, for which a dielectric fihn formed by the first embodiment of 
the present invention is used, according to ^lied voltage; 

no. 18 is a graph^jwng.the takeoff voltage of the SIS capacitor, for which a 
dielectric film formed by the first embodiment of the present invention is used, according to 
the thickness of an equivalent oxide fihn; 

FIG. 19 is a graph showing Ae leakage current characteristic of a MIS capacitor, for 
vMch a dielectric fihn formed by the first embodimoxt of the present invention is used, 
according to applied voltage; 

FIG. 20 is a graph for comparing the leakage current charactnistic of the MIS 
editor, fiw which a dielectric fihn formed the first embodunent of Ae presoit invention 
is used, with the leakage current characteristic of a conventional capacitor, 

FIGS. 21 A and 21B are graphs ^owmg leakage current chaiacteiistics aocoiding to 
applied voltage vAtsa the alummum oxide fihns according to the conventional technology and 
Ae first embodiment of flie presoit inveaition are used as cjq)ping fihns of a MIM cqiacitor; 

FIG. 22 is a flowchart of a second embodiment of the method of forming a thin film 
using an ALD method according to the present invention; 

HGS. 23 A through 23D illustrate a combination retetionship between reactanfs 
adsoibed on a substrate when an aluminum oxide film is formed by a mdfaod of foiming a 
thin fihn uswg an ALD method accordmg to the second embodiment of the present invoition; 

FIG. 24 is an x-ray photoelectron spectroscopy (XPS) graph of the alummum oxide 
film foimed by a convoitional ALD method; 



6 



fourthembodinientoftliepieseiitmveirtion. 

^,r.j.r^n^ nF THEfFFFFFFPn FMBODIMENTS 
^eprcsentinventionx^w^bedcscribedmorefully^liirefe^ 



"on" another layer or substrate^ it can be directly on the other layer or substrate, or intervening 
layers may also be present The same referemce numerals in different drawings represent the 
same elements, and elements will only be described once. 

FIG. 3 illustrates an apparatus for forming an atomic layer thin fikn using an atomic 
layer deposition (ALD) method according to the present inventiori. The apparatus includes a 
reaction chamber 1 1 that can be heated by an external heater (not shown), a susceptor 13 
installed at the bottom of the reaction chamber 1 1 to support a substrate IS, for example, a 
silicon substrate thereon, a shower head 17 installed above the susceptor 13 so that reaction 
gas may be injected into the reaction chamber 1 1, and a vacuum pump 19 connected to the 
reaction chamber 1 Tin order totcontrol the pressure mside the rea^ 

Two gas inlets A and B, which are separated firom each other, are connected to the 
showerhead 17. A first reactsmt, inert gas, a second reactant, and a third reactant can be 
injected into the ^ower headilX The first reactant is a m^ reactant The Inert gas is 
nitrogen gas or argon gas. Tlie second reactant is oxidizing gas \^ch does not contain a 
hydroxide, for example, N2O, O2, 03, or CO2 gas or water vapor. The third reactant is water 
vapor or a material that includes an oxygen radical as an activated oxidizing agent, such as 
ozone, O2 plasma or N2O pla^na. In FIG. 3, the second reactant and the third reactant are 
iristalled sq)arately, however, they can be installed together. 

The first reactant and inert gas are injected into the reaction chamber 1 1 through the 
gasinletA. The second resultant and the third reactant are injected into die re^ 
11 through the gas inlet B. The first reactant, the second reactant, and the third reactant have 
dififerrat gas mlets in order to prevent tiiem fiiom reacting with each other inside a ^ inlet 
The injection of tfie first reactant and inert gas into the reaction chamber 1 1 is contix)]led by a 
first valve VI and a second valve V2. The injection of the second reactant and the third 
reactant into the reaction chamber 1 1 is controlled by a third valve V3 and a fourth valve V4. 

Various embodiments of a method according to the present invention of forming an 
atomic layer tfiin fihn using the above«described apparatus will now be described. 

First Embodiment 

FIGS. 4A through 4D illustrate the reaction mechanism of a method of forming a thin 
film using an ALD method accordmg to a first embodiment of the present invention. After a 
first reactant A, consisting of an atom ai that forms a thin film and a ligand aa, is chemisorbed 



^on chamber 11 into .,,^,„ta;ectii«the inert gas (FIG. 4A> 

AsecondreactantBismjectedmtothe^acti Bi,eh«nisc«bed 



dMmwfced into 4» ""^ 



The second reactant such as ozone B that is an oxidizmg agent is mjected into the 
reaction chamber 1 1, into which the TMA is adsorbed (stq) lOS). By doir^ so, ozone B is 
chemisorbed into aluminum ai of the TMA as shown in FIG* 6B. 

Ozone Bis an imperfect material that actively reacts with TMA. The binding enogy 
between ozone B and aluminum ai of Ae TMA is about 540 kJ/mol, vAdch is larger than.tfie 
binding energy between aluminum ai of the TMA and the methyl ligand ai (for example, AI- 
C binding energy) which is 255 kJ/moL Since the binding energy between ozone B and thin 
film forming aluminum ai of the TMA is larger than the binding energy between thin film 
forming alummum ai of the TMA and the methyl ligand the methyl ligand aa is separated 
from the TMA as shown in FIG. 6C 

Also, since the methyl ligand aa separated from the TMA is unstable, a volatile vqx>r 
phase material D formed of C2H6 is formed by die combination of the methyl ligands a2 as 
shown in FIG. 6D. An .aluminum q^dde film C in units of atonuc layers is fonn^^^ * ^ 
substrate IS by ^ reaction between thin fihn forming aluminum ai of the TMA and ozone B 

2Al(CHsh^Oi-^Al20s^3C2H, 

as shown in the chemical formula 3. 

Tbe volatile vapor phase material D formed of C2H6 and die un-reacted methyl ligands 
a2 are removed by purging the reaction chamber a second time with the inert gas (step 1 07). 
It is checked whether the aluminum oxide film is formed to an appropriate thickness (step 
109) and the steps 101 through 107 are cyclically repeated if necessary. 

Ozone is used as the second reactant in the present embodunent However, ozone can 
be activated more using ultraviolet (UV) rays, or O2 plasma or N2O plasma can be used as the 

TMA'^02(activated) _ 4Al(CHs)s^302 Al20s^6C2H6 

activated oxidizing agent instead of ozone as shown in the chemical formula 4. 

FIGS. 7 and 8 are graphs showing residual gas analysis (RGA) data iT^iien an 
aluminum oxide film is formed by the conventional technology and tiie first embodiment of 
the present invention, respectively. In FIGS. 7 and 8, the aluminum oxide fihn is formed in 
the sections marked with arrows. 
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and the second reactant B, respectively, the fonn of stress is tensile stress throughout the 
entire temperature range, that is, a stress mode does not change. Accordingly, it is noted that 
the film formed according to the present invention is more stable against heat 

FIG. 1 1 is a graph showing a percoitage of contraction of thidcness according to the 
post-annealing conditions of the aluminum oxide films fonned by the conventional 
technology and the first embodiment of the present invention. On the X axis, N450, N750, 
and N830 are samples post annealed in nitrogen atmospheres at 450^C, 750T, and 830**C, 
respectively. O4S0, 07S0, and O830 are samples post annealed in oxygen atmospheres at 
' 450^C, 750% and 830% respectively. RTO is a wmplc, on which rapid theimal oxidation 
is performed at 850^C. It is noted that the percentage of thickness contraction (the decreasing 
rate of thickness) accorcUng to lhe temperature and gas conditions of the post-annealing in the 
alumimun oxide fifans does not significantly vaiy according to whether the fifans were formed 
by the conventional technology or the first embodunent of the present invention. 

FIGS. 12 and 13 are graphs showing absorption constants and indices of refraction of 
the almninum oxide fihns formed by the conventional technology and the first embodiment of 
the present kivention according to wavelength. The absorption constants of the aluminum 
oxide films fonned by the conventional technology and the first embodfanfflt of the present 
uivention are less than O.OOS for wavelengths of 1 80 through 900 nm as shown ui FIG. 12. 
That is, the aluminum oxide fifans formed 1^ the conventional technology and the first 
embodiment of the present invention show excellent tran^)arency. The indices of refraction 
of the aluminum oxide fifans fonned by the conventional technology and the first embodiment 
of the present invention do not significantly vazy for wavelengths of 180 through 900 nm as 
shown in FIG. 13. 

FIG. 14 is a graph showing wet etch rates of aluminum oxide fifans fonned by the 
conventional technology and the first embodiment of the present invention according to post- 
annealuig temperature and the atmosphere gas. On the X axis, as-dep is a sample that is not 
annealed after being deposited on the substrate. N4S0, N7S0, and N830 are sample that axe 
post-annealed ui nitrogen atmospheres at 450*'C, 750% and 830**C, O450, 0750, and O830 
are samples that are post-annealed in oxygen atmospheres at 450% 750% and 830^C. RTF 
is a sample that und«went rapid thermal oxidation in an oxygen atmosphere at 850*^C. The Y 
axis denotes etch rates when the respective samples are wet etched by a 200: 1 HF solution. 
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embodiment of the present invention is used includes a silicon substrate 301 doped with 
impurities such as phosphorus, arsmic, boron, vAnch operates as a first electrode, a gate 
msulating film 305, >vfaich operates as a dielectric film, and a pte electrode 307, which 
opmttes as a second electrode. In FIG. 2, reference numeral 303 denotes source and drain 
regions, which are inq)urity doped regions. 

When the structure of the transistor of the semiconductor device according to the 
present invention is compared with the structure of the capacitor of the smiconductor device 
according to the present invention, the silicon substrate 301 and the gate electrode 307 
correspond to the lower electrode and the upper electrode, respectively. The gate insulating 
film 305 corresponds to the dielectric film of the capacitor. 

the insulatiiig ch^ractmsti^ 
reference to the structure of the capacitor . for convenience of explanation, however, the same 
treatment f^jpUesJo the transistpr. .. 

FIG. 17* is a graph illustrating the leakage current characteristics of a conventional 
capacitor and a SIS capacitor, for ^ch the dielectric film formed by the first embodiment of 
the present invention is used, according to applied voltage. 

To be specific, the SIS cspacitOT according to the present invention (marked with O) 
is the same as the conventional capacitor (marked with #), except that the method of forming 
the dielectric film of the SIS capacitor is different from the method of forming the dielectric 
film of the conveiitional capacitor. As shown in HG. 17, the SIS capacitor according to the 
present invention (O) shows a take off voltage larger than die take off voltage of the 
conventional capacitor (•) at a leakage current density that can be allowed in a capacitov of a 
commcm semiconductor device, that is, 1 E-7A/cm^ Therefore, since the thickness of the 
dielectric film can be reduced at a certain leakage current value in the SIS capacitor according 
to the present invention (O), the SIS capacitor according to the present mvention (O) is 
advantageous for increasing the degree of integration of the semiconductor device. 

FIG. 18 is a graph showing the takeoff voltage of the SIS capacitor, in ^ch the 
dielectric film formed by the first embodiment of the present invention is used, according to 
the thickness of an equivalent oxide film. Since the SIS capacitor according to the present 
invention shows stable insulating characteristics until tfie thickness of the eqiuvalent oxide 
film is 35A, tiie takeoff voltage is not significantly reduced. When the thickness of the 
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denotes a case where the aluminum oxide film formed to be the capping film is nitrogen 
annealed at 700''C 

In general, when the MIM capacitor is used for a semiconductor device, the dielectric 
film deteriorates during tfie hydrogen annealing, vMA is perfomed in a successive alloy 
process. Accordingly, the capping fihn that operates as a hydrogen hairier is formed on 
MIMcapacitor Assho\minnG.21A, when the aluminum oxide film formed by the first 
embodiment of the present mvention is used as the capping fihn, the leakage current 
characteristic does not deteriorate since a barrier characteristic is excellent after the 
successive hy<hogen annealing processes are perfomied; However, when the alumiiium okide 
fihn formed by the conventional technology is used as the capping fihn as shown in FIG. 
21B, hydrogen of water vapor and an OH ligand detoiorate tbe leakage cunent characteristic 
of the MIM c^piadtor during the dqiosition jm^^ 

Second Embodiment 

FIG. 22 is a flowchart of a second embodiment of the method of forming a thin fihn 
using an AID method according to the present invention. A termination treatment of 
combining the danglmg bond of the substrate 1 5 with oxygen is poformed by oxygen 
flushing the substrate (15 of FIG. 3), for example, the siUcon substrate, with oxidizmg gas 
(step 21). TTiat is, at any sites where oxygen can be bonded to the substrate 15, oxygen is 
bonded to the substrate by oxygen flushing the substrate (1 5 of FIG. 3), for example, the 
silicon substrate with oxidizing gas. The dangling bond can be combined with oxygen, that 
is, oxygen can be bonded to the substrate at aay available sites, not only 1^ perfoming the 
oxygen flushii^ but also by poforming ozone cleaning and forming a siUcon oxide fihn. 
Also, flie oxygm fludiing may not be performed on the substrate IS. 

After loading the substrate 15 into the reaction chamber (1 1 of FIG. 3), the processing 
temperature of the reaction chamber 11 is maintained to be b^ween 100 and 400"C, 
preferably between 300 and 350»C, and the processing pressure of the reaction chamber 1 1 is 
mamtained to be between 1 and 1 0,000 mTorr, using a heater (not shown) (step 23). The 

processing temperature and flie processing pressure are nudntained In tiie successive stqis, 
however, fliQr can be changed, if necessary. 

The first reactant such as trimethyl alummum (A1(CH3)3: TMA) is injected into ibs 
reaction chamber 1 1 through the gas mlet A and the shower head 17 for a l<mg enough time to 
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film, a PbTi03 film, a SrRuCb film, a CaRuOa film, a (Ba,Sr)Ti03 film, a Pb(Zr,Ti)03 film, a 
(Pb J^XZr Ji)03 film, a (Sr,Ca)Ru03 film, a (Ba,Sr)Ru03 film, a IniQaCITO) film doped with 
Sn, and a I2Q3 film doped with Zr are other examples of metal oxide fihns vAdch can be 
created according to the present invention. 

One cycle in vAdch the metal oxide fihn in units of atomic layers is formed by 
removing the unnecessary reactants by purging the reaction chamber 1 1 with inert gas for 
between 0.1 seconds and 100 seconds while the processing tempemtuie and pressure are 
maintained, is completed (step 35). It is possible to prevent the third reactant fix>m reacting 
with the first reactant to the highest degree by ifurther perfonnirig a step of injecting biA ^ 
purging tfie second reactant whiph does not contain a hydroxide after purging the reaction ' ' 
chamber the third time. * 

Hien, it is checked Mlidher flie thickness of the metal oxide film formed on Ae 
substrate is appropriate, for example, between 10 A and 1,000 A<step 37). When the 
thickness of the metal oxide fihn is appropriate, the step of forming the metal oxide film is 
completed. When the metal oxide film is not thick enough, the steps fix>m the step of 
injecting the first reactant into the reaction chamber to the step of purging the reaction 
chamber a third time (step 35) are cyclically repeated. 

FIGS. 23A through 23D illustrate the combination relationship between reactants 
adsorbed on a substrate when an the alummum oxide fihn is formed by a mediod of forming a 
thin fihn usmg an ALD method accordmg to a second mbodunent of tiie present invention. 
The substrate IS, for example, the silicon substrate, is oxygen flushed, thus combining the 
darigling bond of the substrate IS with oxygen, as shown in FIG. 23A. That is, therefore, at 
any sites where oxygen can be bonded to the substrate 15, oxygen is bonded to the s 
the substrate as shown mFIG. 23 A. The substrate IS may not be oxygen flushed, if it is not 
necessary. 

After injecting trimethyl aluminum (A1(CH3)3) which is the first reactant mto the 
reaction chamber whose processing temperature is maintained to be between 100 and 400^C 
and whose processmg pressure is maintained to be between 1 and 10,000 mTorr, the reaction 
chamber is purged with argon gas. By domg so, only the first reactant whidi is chemisorbed 
mto the oxygen flushed substrate remams as shown mFIG. 6. Namely, various forms of 
bonds such as Si-O, Si-O-CHs, and Si-0-AK;H3 are formed on the silicon substrate. 
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graph (a) of a pure aluminum oxide film since A1(0H)3 is contained in the jfihn fomed by the 
conventional method. 

Considering the above, whm trimefhyl aluminum directly reacts with water vapor like 
in the conventional technology, a large amount of A1(0H)3, which contains a hydroxide, is 
created by the reaction represented by chemical formula 2. Therefore, in order to reduce the 
amount of A1(0H)3, the absolute amount of the trimethyl aluminum which reacts with water 
vapor must be reduced. In the present invention, since the absolute amount of trimethyl 
aluminum is reduced by reacting trimethyl alummum with N2O, which does not contain 
hydroxide, and then reacting the remaining un-reacted trimethyl aluminum with water vapor, 
the aluminum oxide fihn -m units of atomic layers is formed with a small absolute amount of a 
hydroxide. 

FIGS. 25 A and 25B are graphs ^wing the leakage current characteristics of 
aluminum oxide fihns manufectur^^ by the conventional method and the second embodiment 
of the present invention, respectively. The leakage current characteristics are investigated by 
applying the aluminum oxide fihn to a capacitor. A polysilicon fibn is used as die lower 
electrode and as the upper electrode of the capacitor. Jn FIGS. 25A and 25B, first curves a 
and c denote results of measuring the amount of current for a cell, v^ch flows through a 
dielectric fihn, when the lower electrode is connected to ground and a voltage between 0 and 
5 V is applied to the upper electrode. Second curves b and d denote results of measuring the 
amount of current for a cell, which flows througji tiie dielectric fihn, undo* the same 
conditions that the first measurement was performed under, after the first measurement As 
shown m FIG. 25B, vAien the aluminum oxide film formed by the present mventton is used as 
the dielectric film, the leakage current is smaller at a given voltage, for example, 2 V, 
compared with Ae conventional case of FIG. 25A at Ae same voltage and the distance 
between the first curve and the second curve is short. Accordingly, it is noted ttiat leakage 
current characteristics are improved by the preset invention. 

Third Embodiment 

FIG. 26 is a flowchart for a method of fonmng a thm fihn usmg an ALD method 
accordmg to a third embodhnent of the present mvention. FIG. 27 is a timing diagram 
showing the supply of reactants during die formation of tiie thin fihn using the ALD metiiod 
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In doing so, the chemisorbed first reactant reacts with the second reactant forming a 
thin fihn in units of atomic layers, that is, an aluminum oxide fikn is formed by chemical 
exchange. Namely, CH3 of TMA reacts with H of H2O, thus forming CH4, which is removed. 
Al of TMA reacts with O of H2O, thus forming AlaQs- Since the atomic layer thin fihn is 
formed at a temperature of 400^C or less, whidi is low, TMA is Hot completely decomposed 
Accordingly, a large amount of impurities such as carbon or OH form bonds in the aluminum 
oxide film. 

Any second reactant which did not react with the first reactant and is only physisoibed 
into the substrate 15 is removed by purging die reaction chamber 1 1 a second time with inert 
gas such as argon gas forbetween^p.l and 100 seconds, while the processmg conditions are " 
maintained (step 51). 

A third reactant for removing impurities and improving Ae sto^ 
film, for lexai^ple, an oxidizing gas suqh.as ozone is injected into^Ae reaction chamber 
through a fourth valve V4 and the shower head for a long enough time to cover the surface of 
the substrate on which fte thin fihn is formed, for example, between Imsecond and 10 
seconds (step 53). By doing so, it is possible to remove impurities such as carbon or OH 
which is bonded to and contained in the thin fihn in units of atomic layers, and to solve the 
problem that there is a lack of oxygen in the ieduminum oxide fihn. Accordingly, it is possible 
to obtain a thin film with excellent stoichiometiy. 

A cycle during \^ch the thin fihn in units of atomic layers is formed, is completed by 
purging the reaction chamber 11 athirdtime with an inert gas for between 0.1 and 100 
seconds v/bSie the processmg conditions are maintained, thus removing the un-ieacted 
physisoibed diird reactant (step 55). 

It is checked wheflxer the thickness of the thm fihn in units of atomic layers formed on 
the substrate is appropriate, for example, between 1 0 A and 1 ,000 A (step 57). When the 
thickness of the thin fihn is appropriate, the process of forming the thin fihn is completed. 
When the thin fihn is not thick enough, the steps, from the step (step 45) of mjectmg the first 
reactant to the step (step 55) of purgmg the reaction chamber a thkd time, are cyclically 
repeated. 

hi the present embodiment, the aluminum oxide film is formed using trimetfiyl 
aluminum (A1(CH3)3: TMA) as the filrst reactant, wato: vapor which is oxide gas as die 
second reactant, and ozone gas for removing the impurities as the third reactant However, it 
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eight-inch substrate, four points sq>aiated by 90** on the ciicumferaice of a circle haviiig a 
diam^ of 1 .75 indies, and anotiier four points spaced apart bjr 90" on the drcumfeience of 
a circle having a diameter of 3.S inches. The Y axis denotes the thickness of the aluminum 
oxide fihn. As shown in FIG. 29, the uniformity of the aluminum oxide fihn is eccellent over 
the eight-inch substrate. 

FIGS. 30A and 303 are graphs for analyzing the aluminum peaks of aluminum oxide 
films manufectured by the conventional technology and the method of forming an atomic 
layer thin fihn according to the third embodiment of the present inventi<m, lespectiveiy, using 
XPS. To be specific die X axis denotes binding energy and the Y axis denotes die electron 
count Xn the conventioial aluminum oxide fihn, a largie amount of Al-Al bonding occurs as 
shown in FIG. 30A. to fbs ahiminum oxide fibn according to the ixesent invention, almost 
no Al-Al bonding occurs and Ai-0 bondiqg is most prominent, as shown m FIG. 30B. 
Accordingfyi it is. not«i tiiat Ae stoichiometry of the aluminum oxide film according to the ' 
present invoitimi is excellent . . 
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quality of the thin film may be improved through a complete reaction, in fonnmg a thin 
film by an atomic layer deposition (AID) method aocoidiAg to the jnesent invention. 

As mentioned above, in the method of forming a thin fihn using an ALD metfiod 
according to an onbodiment of the present invention, the ligand of Ae first leactant A is 
separated due to a diffoence in binding enexgy, witfiout the movement of a radical fiom 
the second reactantB to the first reactant A. A volatile vapor phase material is formed 
by the combination of ligands and the vapor phase material is removed by purging. As a 
result, accordii^ to the method of forming a thin fihn using an ALD method of the 
present invoition, it is possible to reduce Ae impurities generated in a thin fihn by sub- 
reactions, since the movement of tfie radical does not occur. - ■• .'. 

In the method of forming a thin mebil oxide fihn using an ALD method 
according to another embodiment of the present invention, it is possible to prevent the 
gaiaationofbyri»x>ductssuch.ashydron^ . 

^ .al«5olute amount of the first reactant by previously reacting the first leactant with a 
second reactant which does not contain hydroxide, and Aen reacting the first reactant 
with a thud reactant which contains a hydroxide. For example, it is possible to form an 
aluminum oxide fihn in which the absolute amount of hydroxide is small by reducing 
the absolute amount of trimethyl aluminum by previously leactmg trimethyl aluminum 
with N2O which does not contain a hydroxide, and thai reactu^ trimethyl alummum 
with water vapor. 

Also, in the mediod of forming a thin fibn uaug an ALD mettiod according to 
another embodiment of tiie present invention, a thud reactant for removing die 
impurities and imfwoving tiie stoichiometry of the thin fibn is injected mto the reaction 
chamber and the reaction chamber is purged of the third reactant, when the atomic layer 
deposition mediod is used. By doing so, it is possible to obtain a thin fihn with 
excellent stoichiometry which does not contain impurities. 
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injecting a first leactant into a reaction chamber fhat comprises a substrate, so tbat the 
first reactant is chemically adsorbed into the substrate; 

removing any first reactant vAdch is only physisorbed into the substrate by purging the 
reaction chamberwith inert gas; 

chemically exchanging the chemisorfoed first reactant to form a metal-oxygen atomic 
layer film by injecting a second reactant which does not contain a hydroxide into the reaction 
chamber; 

removing any physisorbed second reactant by purging the reaction chamber with inert 
gas; and _ . r - , . 

%rxning a metal oxide film in.uiuts of atoniic laym ^ 
hydroxide is prevented by injecting a third reactant into the reaction chamber, thus chemically 
exchanging the remaining chemisorbed first reactant to further contribute to the formation of 
the metal-oxygen atomic layer. <v • ^ , . : k 

7. The method of claim 6, wherein the first reactant is a metal reactant, the 
second reactant which does not contain a hydroxide is N2O, O2, 03, or CQ2» and the thiid 
reactant is oxidizing gas. 

8. The method ofclaim 6, v^erein the temperature of the reaction chamber is 
maintained to be betwem 100 and 400''C fix)m &e step of injecting the first reactant to the 
step of injecting the third reactant. 

9. The method of claim 6, vlierein the metal oxide film is one selected from the 
group consisting of a AI2O3 film, a Ti02 film, a ZrOi film, a HfOa fihn, a TaiOs film, a 
Nb205 fihn, a Ce02 fihn, a Y2O3 fihn, a Si02 fihn, a In203 fitai, a RUO2 fihn, a I1O2 fihn, a 
SrTiOa fihn, a PbTiOa fihn, a SrRu03 fihn, a CaRuOa fihn, a (Ba,Sr)TiQ3 fihn, a Pb(Zr,Ti)03 
fihn, a (Pb,La)(Zr,Ti)Q3 fihn, a (Sr,Ca)RuQ3 fihn, a (Ba,Sr)Ru03 fihn, a In2Q3(ITO) fihn 
doped with Sn, and a l203 film doped with Zx. 

10. The method of claim 6, wherein the dangling bond of the surfoce of the 
substrate is terminated by injecting oxidizing gas before injecting the first reactant, when the 
substrate is a silicon substrate. 
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17. The method of claim 15, wherein the thin fikn is a metal oxide film fonned of 
a single atomic oxide or a composite oxide. 

18. The method of claun 17, wherein the single atomic oxide is one selected fiom 
the group consisting of AI2O3, Ti02. TazOs, 2r02, HfD2, Nl)205, CeOj, Y2O3, SiO:, InjOa, 
Ru02,andlr02. 

19. The method of claim 17, wherein the composite oxide is one selected fiom the 
group consisting of SrTiOs, PbTipa, SrRuOa, CaRuOj, (Ba,Sr)Ti03, Pb(Zr,ri)()3, 
(PbJ[^)(Zr,Ti)03^(Sr,Ca)Ru03, In203 4oped ydth Sn, InaQs doped with Fe, and Ih203 doped 
withZr. 

20. . The meAod of claim IS, wherein the first reactant is a metal reactant and the 
second and third reactants are nitriding gases. 

21. The method of claim IS, wherein the thin £Um is a metal nitride fikn foraied of 
a single atomic nitride or a composite nitride. 

22. The method of claun 21, \^erein the single atomic nitride is one selected fix>m 
the group consisting of SiN, NbN. ZrN, TiN, TaN, YasNs, AIN, GaN, WN, and BN. 

23. The mediod of claim 21, i^dierein the composite nitride is one selected fiom 
the group consisting of WBN, WSiN, TiSiN, TaSiN, AlSiN, and AlTiN. 

24. The method of claim 15, fiirther comprising the step of removing any 
physisorbed third reactant by purging the reaction chamber with inert gas after the step of 
injecting the third reactant 

25. The method of claim 1 5, the dangling bond of the sur&ce of the substrate is 
teraiinated by mjecting oxidizing gas or nitriding gas before injecting the first reactant, when 
the substrate is a siliom substrate. 
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